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ABSTRACT

Fragile X Syndrome (FXS) is a genetic neurodevelopmental disorder that causes
autism and intellectual disabilities: exhibiting hyperactivity, elevated anxiety, and
impaired cognitive/sensory processing. These deficits result from mutations in
the X-linked gene Fragile X messenger ribonucleoprotein 1 (Fwrl). Fmrl-knock-
out (KO) mouse models have shown consistency with observations in humans,

displaying seizures and sensory processing deficits. Utilizing Fnzr7-KKO mice to
identify a potential treatment for these symptoms, we administered a drug called
2-chloro-4-((2,5-dimethyl-1-(4-trifluoromethoxy)phenyl)-1H-imidazole-4-yl)
ethynyl)pyridine (CTEP) to KO mice and measured behavioral changes. CTEP in-
hibits metabotropic glutamate receptor pathways, which are upregulated in FXS.
Two types of experiments were run: open field test (OFT) and elevated plus maze
(EPM), commonly used to study anxiety and hyperactivity. Experimental mice with
higher anxiety depict decreased exploration and more time spent near the arena’s
wall or closed arms. We found that CTEP reduces the distance traveled in the
OFT across both wild-type (WT) and KO groups, suggesting reduced locomotion.
There wete no statistically significant differences in time spent in EPM closed arms
between WT and KO mice, indicating no treatment of anxiety. These results suggest
that more effective intervention is needed to target anxiety deficits related to FXS.
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INTRODUCTION

Fragile X Syndrome (FXS) is caused by a mutation in the
Fragile X Messenger Ribonucleoprotein 1 (Fur7) gene.
Located on the X chromosome, it produces a protein called
Fragile X Messenger Ribonucleoprotein (FMRP), which plays

a crucial role in cell function'.

Resulting in hyperactivity, impaired cognitive function, and
sensory processing deficits?, the mutation of Fmrl causes

a loss of FMRP, resulting in increased levels of protein
synthesis, influencing brain plasticity’. Frl-knockout (KO)
mouse models have shown consistency with observations in
humans, displaying symptoms like altered startle responses,
high anxiety, and processing deficits. These similarities
suggest that animal models of FXS may provide a secure
foundation for understanding the underlying mechanisms

of FXS and may facilitate new approaches to understanding
the mechanisms of basic sensory processing behaviors in
humans. In this study, we used the drug 2-chloro-4-((2,5-
dimethyl-1-(4- (trifluoromethoxy)phenyl)-1H-imidazol-4-yl)
ethynyl)pyridine (CTEP), a long-acting allosteric inhibitor of
metabotropic glutamate receptor unit 5 (mGluR5)" to test
whether chronic pharmacological mGluR5 inhibition reverses
FXS phenotypes in a fully developed mouse brain’. In Fragile
X Syndrome (FXS), mGIuR5 is upregulated, altering brain
circuitry and elevating hyperexcitability. The signaling of
mGluR5 activates a phosphatidylinositol-calcium second
messenger system, which may be involved in regulating neural
network activity and synaptic plasticity''. Using CTEP, we

are testing whether its treatment effects extend to behavioral
assays as shown by Hamilton et al., (2016), whose findings
suggest that CTEP or its analog Basimglutant may potentially
be an effective treatment for patients with impaired sensory
cognition. Our question is the following: how does CTEP
treatment impact anxiety and hyperactivity-related behavioral
phenotypes? We utilized Fr7-KO mice to test whether
CTEP alleviates hyperactivity and anxiety symptoms by

measuring behavior changes and comparing these changes to

wild-type (WT) mice.
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Two types of behavioral experiments were run: open field test
(OFT) and elevated plus maze (EPM), which are commonly
used to study anxiety-related behaviors in rodents™®”.
Experimental mice with lower rates of anxiety typically depict
less exploration and higher thigmotaxis (i.e., near the walls of
the arena) in the OFT or spend more time in the closed arms
of the EPM. By analyzing behavioral assays of CTEP effects
on Fnrl KO mice, we gain insight into the impact of direct

treatment on behavioral deficits of hyperactivity and anxiety.

MATERIALS & METHODS

Ethics Statement. All experiments and animal care/use
protocols were approved by the Institutional Animal Care and
Use Committee at the University of California, Riverside, and
were carried out in accordance with the NIH “Guide for the

Care and Use of Laboratory Animals.”

Subjects. Mice were obtained by breeding wild-type male and
fmﬂ*/ “female C57/ BIl6] mice. Pups were weaned at P21 and
group-housed until experimentation. The study used C57/
BI6] male mice of the fzr7-KO line and wild-type littermates
at postnatal age P50-P90. They were provided with food and

water ad libitum.

Genotyping. A standard tail snip was performed on mice for
genotyping. Mice were anesthetized with a short-acting
anesthetic (e.g, isoflurane). Tail tip removal was performed
using sharp, sterile scalpel blades or scissors. Approximately

0.1-0.5 cm of tissue was removed.

EXPERIMENTAL DESIGN

Open Field Test. An open field test (OFT) consisting of four
activity chambers was used and conducted in a standard-lit
room. Before testing, mice were habituated to the room for
1 hour. Each mouse was placed in an open-box arena (43 x
43 x 43 cm) and roamed for 10 minutes during testing and
video recording. Using SMART Video Tracking Software

from Panl.ab Apparatus, we analyzed subject behavior during




the first 5 minutes of arena exploration. Arena designs are
digitally overlaid on the recorded arena from TopScanLite, a
software used to track the movement of the mouse models.
Two aspects of behavior were characterized: (1) Total
distance covered (mm) during the timed portion of the
experiment; (2) Thigmotaxis, or petcent time that subjects

remain adjacent to the outer wall (depiction of anxiety)".

Elevated Plus Maze. An elevated plus maze (EPM) consists

of four perpendicular arenas with open and closed walls.

Before testing, mice were habituated to the room for 1 hour.

Each mouse was placed in the arena, roaming free for 10
minutes during testing while video recording took place.

All data were manually recorded using a timer to start and
stop when the mouse was in and out of the closed arms.
Bouts were recorded each time a mouse entered the arena
with the closed walls. Two aspects of the elevated plus maze
were characterized using this protocol: (1) Total time spent
in closed arms during the timed portion of the experiment;
(2) How many times the mouse models entered and left the

closed arenas.

Data Analysis. Statistical comparisons were run using
GraphPad Prism, on which we ran: 1) Two-way ANOVA

to find the main effects and mixed effects of genotype,
treatment, and condition. 2) Student’s t-test to compare

two groups at a time. To determine statistically significant
differences between groups/treatments, a two-way ANOVA
was used with Tukey’s posz hoc test to correct multiple

comparisons.

Drug Administration. Stock solutions of CTEP (MP
Biomedicals) were prepared regularly and frozen until use,
when they were thawed, vortexed, and then administered.
All drugs and vehicle control solutions were administered
daily for 10 days by a stainless steel curved oral gavage tip
(Cadence Science, product #7910). Gavage tips were soaked
in ethanol, rinsed with DI water, and autoclaved before each
use. Mice received 2mg/kg CTEP per 48 hours for 10 days.

5-minute recordings of mouse behavior in the respective
arenas were analyzed prior to 10-day CTEP treatment

(precondition) and following treatment (post-condition).

RESULTS:

The main goal of this study was to determine if 10 days of
daily CTEP treatment, compared to the vehicle, reversed
phenological symptoms of hyperactivity and anxiety in an
adult Fzr1-KO mouse model. Looking at OFT % time in

the thigmotaxis and center, there was no difference between
groups in time spent in each region for genotype and
treatment. Running a two-way ANOVA test, mice generally
spent more time in outer regions compared to inner regions.
Studying distance traveled for OFT, the figures depict
distance traveled over two main areas: thigmotaxis and center.
No statistically significant data was seen between groups
using a two-way ANOVA test. In EPM of % time in closed
arms, there was statistically significant data between CTEP
KO pretreatment (pre) and CTEP KO post-treatment (post)
depicting that there was an increase from pre to post. A t-test
was used to determine the differences between groups and
treatments, and a Tukey’s posz hoc test was used to correct for

multiple comparisons.
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Figure 1. Graphs show the effects of CTEP and vehicle (Veh) treatment in pre- and post-wild type and knockout mouse models

in the different arenas. (A) There was no difference between groups in how much time they spent in each region. Generally, mice
spent more time in outer regions compared to inner regions. WT Pre: n=10, WT Post: n=10, KO Pre: n=4, KO Post: n=4. (B) The graph
shows statistically significant differences between WT post-treatment with vehicle (control treatment) & KO pre-treatment. The
thigmotaxis and Area B have the highest % of time spent. Area C and Center zone have the least % of time spent. WT Pre: n=5, WT
Post: n=5, KO Pre: n=8, KO Post: n=8, * indicates p < 0.05. In both graphs, the y-axis depicts % time that the mice spent in each area.
A two-way ANOVA was used to determine statistically significant differences between groups and treatment, and a Tukey’s post hoc
test was used to correct for multiple comparisons. In both graphs, the y-axis depicts % time that the mice spent in each area. A two-
way ANOVA was used to determine statistically significant differences between groups and treatment, and a Tukey’s post hoc test

was used to correct for multiple comparisons.

Distance Traveled In OFT Figure 2. The y-axis depicts the total distance that mice tra-
- versed. The graph shows reduced distance traveled between
o wrctep| preand postin WT treated with CTEP (significant), WT treated
I * e WTVeh with vehicle (trending), and KO treated with CTEP (trending).
A two-way ANOVA was used to determine statistically signifi-
KO CTEP . .
40000- * » " cant differences between groups and treatment, and a Tukey's
T _| . — KO Veh post hoc test was used to correct for multiple comparisons.
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. & " * KO CTEP and Veh mouse models. The y-axis
160 * WTCTEP depicts % time spent in the closed arms of the
i ° o WTVeh EPM. Generally, mice spent more time in the
. % C KO CTEP closed arms in the post-condition compared
4 _ to pre condition, regardless of genotype and
g q. ° T = KO'Veh treatment type. A two-way ANOVA was used
F 50 "4 ak to determine statistically significant differ-
S ° ences between groups and treatment, and a
i Tukey's post hoc test was used to correct for
1 multiple comparisons. WT CTEP: n=g, WT Veh:
0 : ' ' r . ' ' . n=6, KO CTEP: n=6, KO Veh: n=7, * indicates p
Pre Post Pre Post Pre Post Pre Post <0.05
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in both genotypes was reduced, but there are no
physical signs that hyperactivity and anxiety were
decreased. Treatment was not improved significantly
in alleviating these symptoms of hyperactivity and
anxiety between CTEP and Veh mouse models.

The behavioral assays of WT and KO may not

have been sensitive enough to detect the differences
in genotype because the WT mouse models used
were glutamates, born in the same cage as the KO
mouse models. Environmentally, WT models are
influenced by KO, which is a huge factor in how the
experiment is affected. With no statistically significant

differences in % time spent in closed arms following

CTEDP treatment compared to vehicle, there was

Figure 4. The graphs shows the number of times the mouse models
entered the closed arms in EPM (bouts), comparing it to the different
combinations of genotypes. A) AllWT Pre: n=15, All KO Pre: n=12. B)
CTEP KO Pre: n=4, CTEP KO Post: n=4. C) CTEP KO Post: n=4, Veh KO
Post: n=8. D) CTEP KO Post: n=4, Veh WT Post: 5 Among the graphs,
there were no statistically significant differences between groups in

no indication of treatment of anxiety. Reducing
hyperactivity, CTEP was shown to reduce the distance
traveled in OFT of both WT and KO mouse models,
suggesting reduced locomotion but no alleviation of
KO-specific deficits.

how much time they spent in each region. Generally, mice spent more

time in outer regions compared to inner regions. The y-axis depicts the
bouts that the mice spent in each area. A t-test was used to determine
statistically significant differences between groups and treatments, and
a Tukey’s post hoc test was used to correct for multiple comparisons.

DISCUSSION

By using the mouse model of FXS, the Fzr! WT and KO
mouse models are used to assess if behavioral symptoms

of FXS have been reduced through the treatment of CTEP.
Administering CTEP to Fnr7-KO and WT mice affected
their behavior in OFT and EPM in the following ways: 1.
Both genotypes reduced distance traveled following treatment
with CTEP (Figure 2), 2. Only WT showed a reduction in
distance traveled with Veh (Figure 2), 3. KO that received
the vehicle did not change the distance traveled with OFT
(Figure 2), 4. Between WT & KO mice and between CTEP
treatment and vehicle, there were no significant differences in

% of time spent in closed arms of EPM (Figure 3).

Studying the effects of 10-day CTEP treatment, locomotion

Given that the mouse models were treated by oral
gavage, this may have contributed to elevated anxiety
in the subjects of the study. A future step that will
address this is to administer treatment through water
consumed regulatly by mice to limit anxiety given

by oral gavage. CTEP did not alleviate knockout-specific
hyperactivity in this study; we suspect tolerance to CTEP may
have been acquired’. They have shown that tolerance is built
through continual CTEP treatment, as seen in clinical studies
that show a lack of improvement of symptoms in humans
with FXS and in rodent models. In the future, a single acute
dose of CTEP will be provided instead of a chronic 10-day
treatment. Using mouse models, we will assign each mouse a
single dose at a younger age (~P28) and test their behavioral
phenotype when they are older (~P60). As shown by
Lovelace et al. (2020), there was an improvement in the Frri-
KO mouse model of Fragile X Syndrome through treatment
using minocycline. Administering the minocycline using a
similar 10-day treatment protocol as that used in this study,

UNDERGRADUATE RESEARCH JOURNAL | 71




Behavioral Effects of Administering CTEP Treatment in
a Mouse Model of Fragile X Syndrome

led to improvements as shown in electroencephalogram
(EEG) measures'. Continuing this experiment, we will use
EEG biomarkers to identify potential electrophysiological
improvements following acute CTEP treatment. It is vital to
continue searching for effective treatments for humans with
FXS to decrease sensory symptoms of FXS and to further

understand the underlying mechanisms of this condition.

CLINICAL RELEVANCE

A consistent symptom of FXS, sensory and auditory
hypersensitivity is a prominent symptom noted in clinical

and parent reports. Leading to increased anxiety and delayed
language development, early childhood sensory processing
abnormalities can lead to further disruptions in development.
Taken together with studies that have shown alleviation in
symptoms of mouse models with FXS through the treatment
of CTEP, these studies point to mGlu5 inhibition as a

therapeutic avenue for humans with FXS".

In neurodevelopmental disorders research and drug
development, correlations have been made with the
treatment of CTEP to suggest that it effectively reduces
behavioral symptoms of sociability deficits, increased anxiety,
hyperactivity, and sensory hyperexcitability'>. CTEP has been
tested as a potential therapeutic in the neurodevelopmental
disorder: Fragile X Syndrome. A further evaluation of how
CTEDP affects a broad range of phenotypes displayed in
mouse models is required before designing outcome measures

for humans.
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